
UCRL-JRNL-205573

Atomic Control Of Water Interaction With
Biocompatible Surfaces: The Case Of
SiC(001)

G. Cicero, A. Catellani, G. Galli

July 28, 2004

Atomic Control Of Water Interaction With Biocompatible
Surfaces? The Case Of SiC(001)



Disclaimer 
 

 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 
and shall not be used for advertising or product endorsement purposes. 
 



���������
	�	���������������������������
���������	���� ��!�"�#��$&%'� ��()	����+*,�����
%'�
�.-�/,���0��	���-21
��$,�.	���-3�����546�87:9<;�;>=@?

A'BDCFE�GHCFIKJMLONPBMGRQ<ISL
TVU>W@X Y[Z]\_^a`cbedV`gfih#jlkemonqpsrut0bwv�rqZxruyz^)k#hVdV\_v�bedVn

{ mof}|�dS~��_he�Fyzb6�'�<t0|��V�<bMni����n�Tc�
�_�F�F�_��plrut0bwv�r�n�Tcke~Fyz^R�

� J�Q<�S�SCFE���ISC�N�C)�SQ<J�JDCFE�B
{ U>����T8X��]XgnxZ�~Ft8dVr���t8hS~q�_hcywyMh��2dcbehcv_�uhVn'���0��n�Tc�w� �3�F�_�¡Z�~Ft0¢£~unxT0k¤~Fyz^

A}B�¥�JMBMC:A}CFJ�JMB
¦2~F§�tVhcv�dVhg¦¨bw©Fhct0¢ªrutVh�U}~Fk�beruvl~Fy>¦2~«�crutK~Fk#rutc^�n
Z�m¤¬xm�,rR®"¯3�)¯)n�¦¨bw©Fhct0¢ªrut8h { ���<�l°«°_�²±��3�

³D´�µH¶#·0¸�¹@ºu»½¼z¾�¿�ÀFÁ�¿HÂ�ÂHÃ)Ä
Å�Æ]ÇHÈuÉ)Ê�Ë«È

Ì]Í ·ÏÎÑÐ)¶#·VÒ
µ�Ó8¶ ÎzÔaÐÕÔ�Ö�×�µH¶#·VÒ'×�ÎÑ¶ Í5Ø ÎzÙPµ�Ð½¸qÚ¨Ù�¶#·VÒ
Û}ÎÑÐ_µH¶#·0¸�Ü Ù Ø Î�Ú�³DÂ�Â«ÝcÄ�Þ »½Ò ÖMµ�Ó8·0Þ�×@µ�Þ,ÎÑÐuß�·0Þ ¶ ÎzàaµH¶#·0¸5á)¾
Û'·0µ�Ð½ÞâÔ�Ö�ãuäså�æMç½æMèDæwéxÛ}Ôa¼z·0ÓV»½¼ÑµHÒâ¸½¾FÐ½µ�Û�ÎÑÓVÞ�Þ ÎÑÛ�»½¼ÑµH¶ ÎÑÔaÐ½ÞVêlëeÒ Ò ·0Þ ì�·0Ó8¶ ÎÑß�·�Ô�Ö�Ó8ÔRß�·VÒ
µHà�·�Á«ßHµHÒ
Îz·0¸'ÖMÒ ÔaÛ�ÝcíRÃ6¶#Ô�Ý
Û'ÔaÐ«Ôa¼oµ0¾�·VÒ0Á�×�·>ÖMÔa»½Ð½¸�¶ Í µH¶�×@µH¶#·VÒ�¸½ÎÑÞ Þ#Ô�ÓVÎÑµH¶#·0Þ�ÔaÐ£¶ Í · Ø ÎîÙï¶#·VÒ
Û�ÎÑÐ½µH¶#·0¸£Þ
»«Ò ÖDµ�Ó8·�Á�Þ »½á_Þ#¶ µ�Ð)¶ ÎÑµ�¼Ñ¼z¾iÛ'Ô�¸½ÎzÖM¾FÎÑÐ½à
¶ Í ·>ÓV¼Ñ·0µ�Ð£Þ »«Ò
ÖMµ�Ó8·xÒ
·0Ó8ÔaÐ½Þ#¶#Ò
»½Ó8¶ ÎÑÔaÐ�Á½× Í Îo¼z·�¶ Í ·�Ú¨Ùï¶#·VÒ
Û�ÎÑÐ½µH¶#·0¸£Þ
»«Ò ÖDµ�Ó8·>ÎÑÞ]Ð«ÔaÐ�Ò ·0µ�Ó8¶ Îzß�·,µ�Ð½¸ Í ¾F¸«Ò
Ô�ì Í Ô�á_ÎÑÓHê
ð µ�Þ#·0¸5ÔaÐ�Ôa»«Ò,Ò ·0Þ »½¼z¶ Þ0Á�×�·Ïì½Ò Ô�ì�ÔaÞ#·Ï¶ Í µH¶ Ø«Ì�ñ ÎÑÛ}µHà�·0Þ,µ�Ð½¸�ì Í Ô�¶#ÔF·0Û}ÎÑÞ
Þ ÎzÔaÐ�·8ò�ì�·VÒ
ÎÑÛ'·0Ð)¶ Þ�Û}µ0¾Õ¸«·V¶#·0Ó8¶
Þ#ì�·0ÓVÎzó_ÓôÓ Í µ�Ð«à�·0Þ�ÎÑÐ½¸½»½Ó8·0¸5áF¾5×�µH¶#·VÒ�ÔaÐqá�Ô�¶ Í ¶ Í ·�Þ#¶#Ò
»½Ó8¶ »«ÒKµ�¼�µ�Ð½¸õ·0¼z·0Ó8¶#Ò ÔaÐ_ÎÑÓôì½Ò Ô�ì�·VÒ ¶ ÎÑ·0Þ,Ô�Ö Ø Î�Ú�³DÂ�Â«ÝcÄ
Þ »«Ò
ÖMµ�Ó8·0ÞVê

ö«÷âø2ù>ú<ûuü�ýFþ
ÿ��������	� 
��	� �¨þ������� ���	� ���

�



��� Q}BME«�SQ<I8C)GR�8B�L�E�L�����C)�SQ<I��xB�� � �S¥�I���CFG<QR�	��JMC�
3�>CôG<QRE«�8I8C)JâIKL�JMQ�BMEgC£E½¥���sQRI>L�����QRJM������I8CFE���BME�
�ïISL�����BML�� � 
_�KBMG<�£�8L �SQ��£BMGRL�E���¥�GR�8LFI��8QRG � E�L�J�L���
 CFE�� G<L�IKISL��KB��FQ���IKL3GRQ<�K�SQ<�����#E ��CFIK�SBMG<¥�JDCFI���� � Q
G � CFISCFGR�SQ<IKB"!HCu�8BMLFE�L���� � QqBME«�8QRI#��CFGRQõL��$�PC)�SQ<I%�xB�� � ��BML_G<L��&��C)�SB"��J�QÕ�SLFJMBM����BM�%')Q�
(�ïL�I¡��QR�SB���E�BME��
��Q)�3B�G<QR��L��lQ<ISC)�8B�E��BME�C*��B�L�JML��FBMGHC)J�Q<E+�_BMIKL�E�£Q<E«��� Q��,��-�ïLFI.��C)�S�SQ<ISE�BME�£�S¥�I���CFG<QR�,C)�x� � Q��£L�JMQRG<¥�JMCFI
JMQ)��QRJsC)E���� � Q<E�¥��SBME���� � Q<�KQ/��C)�K�8QRISE����8L�G<L�E«�8IKL�JlCF���KL�I0���SBML�E£L��1��ISLF�SQ<BME��2� � B�JMQ���CFBME«�8CFBME�B�E�,� � Q<BMI
CFGc�8B��_Bo�3
54 �)687:9 �
��� Q¡�KQHCFIKG � �ïL�I���BML_G<L��&��C)�SB"��J�Q�����C)�S�SQ<IKE�Q<� �S¥���K�8ISC)�8QR�;�ïL�IÏ� � Q¡��Q��FQ<JML����QRE«��L��	��BML�<¤�SQ<E��SL�IK�

BM�iCFE CFGR�SB���Q=��Q<JM��L��6IKQ<�KQHCFIKG � 4?>�A@ 9 �CB3B�JMBMGRL�E�N�C)I0��B���Q�BM�ôGRL�E��KBM��QRISQ<���SLD�sQ�CE�FQ<I#
F��ISL��£BM�KBME�
��C)�8QRISBDC)J�ïL�IA��BML�� � 
_�SB�G<�PC����J�BMGHCu�8BMLFE����«��¥�Q��8L�B��8��JMLG�H��Q<B�� � ��� � B"� � �K�SISQRE�F� � ��Q)I_�SISQ��£Q � C)IS��E�QR�S���
��QHCFI�CFE�� G<L�IKISL��KBML�E ISQR�SB��K�VC)E�G<Q���CFE�� BME�QRIK�SE�Q<�K���(J>LK��Q��FQ<I����K�8¥���BMQR��L��	��Cu�8Q<IL<�B3BDN�B�E½�SQ<ISCFGR�SBML�E��
CFIKQ��
�8B�JMJ�B�E¡� � QRBMIxBME���C)E�G�
D4NM 9 ���SB�E�G<Q}� � QO�£BMGRISL��KG<L���BMG,G � C)I8CFGc�8Q<IKB"!<C)�8B�L�E�L��PJ.QSRUT�B3BwN BME«�SQ<I#��C)G<Q<�>BM�
Q)I_�SISQ��£Q<JV
�G � CFJ�JMQ<E���BME���W�sLF� � �ïIKL��[CFEÕQSI8�sQRISB"�£Q<E«�8CFJâCFE��5C�� � QRL�ISQc�8B�GHCFJ��K�8CFE���lL�B�E½���.R,E�J�
%�FQ<I#

ISQRG<QRE½�SJ�
�C6IKL���¥��
�@QSI��lQ<IKB"�£Q<E«�VC)J_G � CFI8CFGc�8QRISB"!<C)�8B�L�EÏL���G<J�QHCFEXB3BwN �K¥�I#��C)G<Q<� � CF���sQRQ<EiL��3�VCFB�E�Q<�Y�:�xB�� �
¥�E�QSI8�sQRGR�8QR� ISQR�S¥�Jo�8�*4NZ 9 � ��� QRL�ISQc�8BMG<CFJMJV
���CFE BME+�FQ<�K�SB"�«Cu�8BMLFEõL��[�PC)�8QRI}L�E\B_BwN.G<CFJMJ��/�ïL�I'� � Q£¥��SQ£L��
ISQ)��E�QR��]½¥�CFE«�8¥�����QRG � CFE�B�GHCFJ+�£QR� � L_�����G� � B�G � CFIKQ^��QRI#
}��Q��ªCFE���BME���ïL�I2� � Q]G<L��&��J�Q)I_�FQ<L��£QR�SISBMG<CFJ
CFE��ÏQ<JMQRGR�SISL�E�B�GPGRL�E��W��¥�I8C)�SBML�E��¨�S¥�G � CF�¨� � L��KQ�BME+�FL�J��FQ<�ôBME�� � QP�K�8¥���
iL��WJ	Q)RH��LFJMQ<GR¥�JMQR��L�EiC/�sLFJDCFI
�S¥�I#��CFGRQ��
` B�IS�K��<3��IKBME�GRB"��J�Q<�_�£QR� � L3��� � C��FQ=��ISLG�FQ<E �8LE�sQa��QRI#
 ¥��SQ��ï¥�J��SLÕQ<J�¥�G<B���C)�SQ£� � Qb�£Q<G � C)E�BM�#����L��

�PC)�8QRI�CF���SL�I#���8B�L�E�L�E��lLF� � B�L�E�BMG;4Nc 9 C)E����KQ��£BMGRL�E���¥�Gc�8L�Ix�K¥�I#��CFGRQ<��4Nd 6 �Ke:9 �2f>QRG<Q<E«�SJ�
�B�� � CF�	�lQ<QRE
Q<�
�VC���JMBM� � Q<��� � C)��C)�¨ISL_L����8Q��*�lQ<ISC)�8¥�ISQA�PC)�SQ<I�B�����ISQ��ïQRISQRE½�SBDCFJ�J�
�CF���SL�I#�sQR�iL�E;B_Bg�_BDC6C6��B��S�KL3GRBDC)�SB���Q
G � Q���B��SL�I#���8B�L�E5��ISL_G<QR�S�%4hd 6 � ��9 �*�#E G<L�E«�8ISCF�K���¨LFE���BMC���LFE��jilk�k �Km �S¥�I���CFG<QR�=4 �Ke � �G7:9 ��BM�S�KL3GRBDC)�SBML�E
BM�>¥�E�J�B"')Q<J�
ª�8LªL_G<GR¥�I.�sQRGHCF¥��KQiL��@C � B�� � CFGc�8BV�FCu�8BMLFEgQRE�Q<I#��
n��CFIKISBMQRI��lCFJo� � L�¥�� � Bo�>BM�>Q<E�QRI0��Qc�8BMG<CFJMJV

��C���L�IKQ<�Y� ` L�I � B"� � J�
qB�L�E�BMG£G<L��*�lL�¥�E�������GHC)JMG<¥�JDC)�SBML�E�� � C��FQ¡� � LG�xE�� � Cu�iISQ<CFGR�SB��_B��3
o�xB�� � �PC)�8QRI
�K�SISL�E���J�
 ��Q��sQRE����ôL�E\�lLF� � � � QªJML_GHCFJ]Q<E+�_BMIKL�E�£Q<E«��CFE���� � QªG � CFI0�FQª�8ISCFE��#�ïQRIiL_G<G<¥�ISISB�E�ÕB�E�� � Q
¥��lQ<I#��LF�K�6C)�8L���B�G,JDC�
�QRIS���[B_BwN�B��xCa�xB���Q)<p��CFE��q�«C����KQ��£BMG<LFE���¥�Gc�8L�I-�xBo� � ��CFIK�SBDCFJ�J�
£BMLFE�BMGr�lL�E����
CFE�� � � Q5B3B,CFE���N �8QRI0�£BME�C)�SQ<� �K¥�I#��C)G<Q<�¡L���� � Q5GR¥��BMGE�sL�JV
½�3
8�lQ � C��FQ �
�8IK¥�GR�S¥�I8CFJ�CFE�� QRJDCF�
�8BMG
��IKL��sQRIK�SBMQ<�s��QRI#
���BVt�QRISQ<E«���ïISL���� � Q<B�I��SBMJ�BMGRL�E�CFE��Ï��BDC��£L�E���G<L�¥�E½�SQ<I#��CFIK�S��� ��� Q<IKQ��ïL�IKQ�B3BDN �S¥�I���CFG<QR�
ISQ���ISQR�SQRE½��C���CFI
�8BMGR¥�JDC)ISJ�
>GRL��*��JMQ)I�GHC)�SQP� � Q<E�B��2G<L��£Q<�2�SL>¥�E�I8C���QRJMJ�BME��� � Q�BME«�8QRI8CFGc�8B�L�Er�xB�� � �PC)�SQ<I��
J6QRISQb��Q�IKQ��lL�IK�ÏL�EC��ISQR��BMGc�8B�L�E��ÏL�����C)�SQ<IiB�E«�8Q<ISCFGR�SBML�Eo�xB�� � B3BwN �K¥���K�SI8C)�SQ<�ôL��3�VCFB�E�Q<� ¥��SBME��

~«�<�#bwv�bwk�ber �£L�JMQRG<¥�JMCFI���
_E�C��£BMG��KB"�i¥�JDC)�SBML�E�����u Q>G<L�E��KBM��QRISQR�b�lLF� � B3BV<¨C)E��¡N2<e�8Q<I#��B�E�C)�SQ<���S¥�I���CFG<QR�
ISQR�0�lQ<Gc�8B��FQ<JV
 BME � � Q<B�Ii�K�8C���J�Q=�si ewv �Km CFE���G+i exvAe�m �S¥�I���CFG<Q¡IKQ<GRL�E��K�SIS¥�Gc�8B�L�E��n4 � > 9 C)E��\�PQ�B�Ey�FQ<�L<
�8B��«C)�SQ<�"��B�tsQ<ISQRE«�%��LFJMQ<GR¥�JDC)IôG<LG��QRI8C���QR���z�#ISIKQ<�#�sQRGR�8BV��Q5L��'� � Q5GRLG��Q<ISC���Q��{��QE�ïL�¥�E�� � � Cu�b�PC)�8QRI

e



� ë��,ê¨ÝH¹6´�ÎÑÞ
Þ#ÔFÓVÎoµH¶#·0¸�×@µH¶#·VÒ6Ó8ÔaÐ«ó½àa»½Ò
µH¶ ÎzÔaÐ½Þ>ÔaÐ¡¶ Í · Ø ÎîÙï¶#·VÒ
Û}ÎÑÐ_µH¶#·0¸ Ø Î�Ú�³DÂ�Â«ÝcÄxÞ »«Ò ÖDµ�Ó8·�ê Ø Ó Í ·0Û}µH¶ ÎÑÓ�Þ ÎÑ¸«·
ß�Îz·V×qÔ�Ö�¸½ÎÑÞ Þ#Ô�ÓVÎÑµH¶ ÎzÔaÐ,à�·VÔaÛ}·V¶#Ò
Îz·0Þ�Ô�Ö�ÔaÐ«·�×�µH¶#·VÒ�Û'Ôa¼z·0ÓV»½¼z·�ÔaÐ Ø ÎîÙ Ø Î�Úx³DÂ�Â«ÝcÄK¹sà�Ò ·V¾�³Má_¼o»«·RÄ�Þ#ì Í ·VÒ
·0Þ2Ò ·Vì½Ò ·0Þ#·0Ð)¶
Ú ³ Ø Î�Ä�µH¶#ÔaÛ�ÞVÁ�× Í ÎÑ¼Ñ·'Ò ·0¸�³M× Í Îz¶#·RÄ�Þ ì Í ·VÒ ·0Þ6Ò ·Vì½Ò ·0Þ ·0Ðu¶���³���ÄxµH¶#ÔaÛ�ÞVê���Ð½¼z¾ª¶ Í ·�¶ Í Ò ·V·�Ôa»«¶#·VÒKÛ'ÔaÞ#¶,Þ ¼ÑµHá
¼Ñµc¾�·VÒ
Þ�µHÒ ·6ÎÑÐ½¸½ÎÑÓVµH¶#·0¸ ê

�£L�JMQRG<¥�J�Q<����BM�K�SL_G<BDCu�8QªLFE�� � Q%B3BV<e�8Q<I#��B�E�C)�SQ<�(4NB3B <�B3BDN_ilk�k �GmL9 �S¥�I#��CFGRQ¡CFE�� � � C)�ôCu� � B�� � G<LG�FQ<I8C���Q
�ï¥�J�J � 
_��ISL�Ig
_JDC)�SBML�EôL_G<GR¥�IS�^�_BMC'Cr��ISLF�SL�EôQ)I3G � C)E��Q{��QRG � CFE�B��0�.�SB���B�JDCFI��8L,� � C)�^�ïLF¥�E��ôL�E�CFJ�¥�£BME�C
4hc 9 �ER,E�� � QªLF� � Q<I � CFE��Y����C)�SQ<Ii��BM�S�KL3GRBDC)�SBML�E BM�U�ïL�¥�E����8L��sQªCFE�CFGc�8B��)C)�SQ<� ��ISL_G<QR�S�iL�E � � Q�N2<
�8QRI0�£BME�Cu�8Q<� 4 N2<�B3BDN_ilk�k �GmL9 �K¥�I#��CFGRQ��sCFE��gB��>BM���FQ<I#
g¥�E�JMB"')Q<JV
ª�8L�L3GRG<¥�IxQ)��Q<EqCu� � B"� � �8Q��*�lQ<ISC)�8¥�ISQ��
R,¥�I	��E���BME������K¥����QR�K�,� � C)�r�+
���ISQ���CFIKBME�=B3BwN:�K¥���K�SI8C)�SQ<�/�xBo� � C)�	�SCFG<QRE«��N2<�C)E��oB3BV<e�8QRI0�£BME�C)�SQ<�
BM�KJDCFE������@E�CFE�L��KGHCFJ�Q � 
3��ISL�� � L���BMG�T � 
_��ISL�� � BMJ�BMGb��C)�S�SQ<ISE��ôGHCFEC�lQ�G<IKQHC)�SQ<�Y�P� � B�G � G<L�¥�JM�\�lQ��S¥�B��#<
C���J�Q;�ïL�IO�ï¥�E�GR�SBML�E�C)JMB"!<C)�8B�L�E �xB�� � ��BVt�QRISQRE½���3
g�sQR�ÏL��-��BML��£L�J�Q<G<¥�JMQ<���%R,¥�I�ISQR�S¥�Jo�8�iC)JM�SLn�lQ<I0�£B��}�SL
BM��Q<E«�8BV� 
��0�lQ<GRB���G}G � C)E��Q<�xB�E���¥�GRQ<�gL�E¡� � Q$B3B <¤�8QRI0�£BME�Cu�8Q<�ª�S¥�I���CFG<QO�+
=��Cu�8Q<IxG � Q���B��SL�I#���8B�L�EY��CF�>C
�ï¥�E�Gc�8B�L�E¡L��¨G<LG��QRI8C���Q�� CFE��%��Q��K¥����QR�K��� � C)��� � Q<�SQ}GRL�¥�JM�%�lQ'Q��_B���Q<E�GRQ<���y
%B3GHC)E�E�BME�� � ¥�E�E�Q<JMJ�BME�

 B�G<ISLF�SG<L��y
 ilB ��
 m Q)I8�lQ<IKB"�£Q<E«�8���
R,¥�I'GHC)JMG<¥�JDC)�SBML�E�� � C���Q&�sQRQ<Eo�sQRI#�ïL�I#��QR�5�xBo� � B�E�,Q<E��KB��3
 ` ¥�E�GR�8B�L�E�CFJ ��� Q<L�I�
qBMEõ� � QªA'Q<E�Q<I�<

CFJ�B"!<QR� A}ISCF��B�Q<E«�ôG<LFISISQRGR�SQ<� ` ¥�E�GR�SBML�E�C)J_i������ m ��CF�a��CFISC���Qc�8QRISB"!RQ<�C�+
��âQ<IS��Q�� Qc�£CFJ � 4 � @ 9 � �#E
L�¥�I��SB��i¥�JMC)�8B�L�E����2� � QbB3BwN_i k�k �Km �S¥�I#��CFGRQ<�$��Q<IKQªIKQ���IKQ<�SQRE«�8Q<�C�+
 C���
g�*�£QR�SISBMG��KJDC��Y���lQ<ISB�L3��BMGHC)JMJ�

ISQ��sQ<C)�8QR��C)JML�E��� � Q�ilk�k �Km ��BMIKQ<Gc�8BMLFEj4 � M 9 � ��� Q&��QRL���Qc�8I�
5L��PCFJMJ�G<L�E����¥�I8Cu�8BMLFE��r��C)��L����8B���B�!<Q<�
¥��KBME� ~«�<�#bwv�bwk�ber �£L�JMQRG<¥�JMCFI]��
_E�C��£BMG<�_4 � Zy� � c 9 C)��� � Q�� � Q<LFISQR�SBMG<CFJsQ�]½¥�BMJ�B"��IKBM¥� JMC)�S�SBMG<Q.��CFISC��£QR�8QRI��
u Qô¥��SQR� E�LFE�JML_GHCFJ����SQR¥���L��lLF�SQ<E«�8BMCFJM�a4 � d 9 ��Q<IKB���QR�D�xB�� � BME5� � Q������:C����ISL�I3B"��C)�8B�L�EY� ��� Q�Q<J�Q<G)<
�8IKL�E�B�Gr��C���Q)�ï¥�E�Gc�8BMLFE��;iïG � CFI0�FQ���Q<E��KB��3
 m ��Q<IKQ�QSI8��CFE���QR�5BMEq��JMCFE�Qr�PC���Q<���w�xBo� � Q<E�QRI0��
�GR¥��8L�tq¥�
�8L c�kCi 7�e k m f{
��5B3B"�£BMJMCFI��SL ��ISQ)�_BML�¥��ÏBME+��QR�K�8B��«C)�SBML�E��=4 � > 9 �@� � Q�BME«�8Q���I8C)�SBML�E LG��Q<I�� � Q���ISBMJ�JML�¥�BME
� L�E�Qr�PCF�.�sQRI#�ïL�I#��QR��¥��SB�E��L�E�J�
�� � Q�� �lL�B�E½�$4 � M 9 �
u QX��IS�
�}BME+��QR�K�8B��«C)�SQ<�õ� � QôIKQHCFGc�8B�L�EqL�� ��C)�SQ<IU�£L�JMQRG<¥�J�Q<�	�xBo� � � � Q&B3BV<LB3BwN_i k�k �Km �S¥�I���CFG<Q�C)���

� T�> 
�� G<LG�FQ<I8C���QO4 e k 9 i �"!$#%!¨L�E�Q[��Cu�8Q<I �£L�JMQRG<¥�J�QA�ïL�I�QHCFG � �S¥�I#��CFGRQ���B"�£Q<I m � ��� Q��S¥�I���CFG<Q�T���LFJMQ<GR¥�JMQ
BME«�SQ<I8C)GR�8B�L�EªB���E�LF��E�Q���JMB���B"��JMQ�Q��FQ<EgC)��JDCFI#��Q>��BM�
�VCFE�GRQ<�'&]C$��Cu�8Q<I[��L�J�Q<GR¥�JMQ>C)��@8� c)(� �ïIKL�� � � Q6�S¥�IL<
��CFGRQ6C)JMISQ<CF��
ÏBME���¥�G<Q<��C}G<L�E��KBM��QRI8C���JMQ�� � L�IK�SQ<E�B�E��L��s� � Q	B3BV<¤��B"�£Q<IK��� � �PE�Q<CFISJV
X!RQ<ISL}�8Q��*�lQ<ISC)�8¥�ISQ��
CF�>� � Q���BM�
�VCFE�GRQÏ�8L£� � QXB3Bâ�S¥�I���CFG<QôCu�8L��£�6B�����QRG<IKQHCF�KQ<�Y�1J.Q)R ��LFJMQ<GR¥�JMQR�6�#�sLFE½�8CFE�QRL�¥��SJV
Õ��BM�S�KL3GRBV<

7



C)�SQ��.�#ISISQR�0�lQ<Gc�8B��FQiL���Bo�8�.� � 
_�SBM�KL�I0�3�8BMLFE �sLF�SB��SBML�Ex�sC*J	Q)R �£L�JMQRG<¥�J�Q}��B�ts¥��SQR��L�E�� � Q��S¥�I���CFG<Qi¥�E½�SBMJ
B��_��E�����Cq��C���LFI8C���J�Qô��BM�K�SL_G<BMC)�8B�L�Eõ�SBo�8Q��âCFE�� � � Q<E B��}�0�lL�E«�VC)E�Q<L�¥��SJ�
5��ISQHC�'_��BME«�SL��3��L��ïISC����£Q<E«�8�
i <3J�CFE��n<LR_J m �sL�E���Q<�g�8L��3��L¡CF� �SCFG<QRE½�rB3BâC)�SL����>C��w�SQ<I6C�� � L�IK�6�SB��i¥�JMC)�8B�L�E��8B���Q*i"�Uk�� @K< � � ka�����
��Q��sQRE���BME��'L�Ei� � Q��
�VCFI
�8B�E�r�lL��SBo�8BMLFEôCFE��ôL�IKBMQRE½�8C)�8B�L�E m �su Q�L����KQ<I���Q<��� � ISQ<Q��lL��K�SB"��JMQP��BM�S�KL3GRBDC)�SBML�E
G<LFE��W��¥�ISC)�8B�L�E��/� � BMG � ��B�tsQ<I/�y
�� � QôIKQ<JMC)�8BV��QX�lL��SBo�8B�L�E5L��]� � Q�<LJ CFE��E<�R_J ��IKL�¥���&iï�SQ<Q ` B��� �Km �
� � L�¥� � �sQRBME�q��QRI#
q�KB"�£BMJDC)I�BMEq� � Q£J�L3G<CFJ^��QRL��£QR�8I�
��&�#E ��C)IK�8B�G<¥�JMCFI���C�B3B <�R �sL�E��(i � � M�M (� m C)E��
CqB3B <LJ �lL�E�� i � �,>+d (� m CFISQ$�ïL�I0�£Q<�Y��C)E��õ� � Qô�K¥�I#��CFGRQ&B3B@��B���QRIS�'C)ISQô� � L�IK�SQ<E�QR�o�xBo� � ISQR�0�lQ<GR�}�SL
� � L��SQ}L�E�� � Q}GRJMQHC)Eg�K¥�I#��C)G<Qbi �ïISL�� e �,M�>ô�8L e �N>+M (� m ��CFG�]½¥�B�ISBME���C;��¥�G '_J�BME��i � ! m L��@C��lL�¥��.k8� � (� �
��� Q�Q<E�QRI0��
o�«CFB�E ¥��sL�E ��BM�K�SL_G<BMC)�8B�L�EqBM�U��Q<I�
��KB"�£BMJMCFI��Y�lQ<B�E� 7 � 7 � 7 � e CFE�� 7 � @gQ��UT��£L�JMQRG�i Z�Z8� e �
Z�>� 7 CFE���c�k�� e�� G<CFJ T:��L�J m �ïLFI�� � Q'� � ISQ<Q}G<CF�SQR��C��W�x��CFE��gG}L�� ` B"�� � ��ISQR�0�lQ<GR�SB��FQ<J�
��
u�C)�8QRI'BME«�8QRI8CFGc�8BMLFE5�xBo� � � � QbB_BV<�B_BwN��S¥�I���CFG<Q&��BV��Q<�}IKBM�SQô�SLgG � Q��£BM�SLFI0�lQ<� �K�VCu�8Q<�U]½¥�CFJ�B��8C)�8BV��Q<JV


�SB���B�JDCFIâ�8L�� � L��KQ6L����SQRI#��QR�¡L�E�� � Q/B3B3i k�k �Km �K¥�I#��C)G<Q��g� � Q<IKQ,C_��Cu�8Q<I2�£L�JMQRG<¥�J�Q-��CF�2�ïL�¥�E��£�8L���BM�K�SL�<
G<BMC)�8Q�C��w�8QRI2�ïLFI0�£BME��C��8ISCFE��KBMQ<E«���£L�J�Q<G<¥�JDCFI � � 
_�SB��SL�I#�sQR�¡�K�VCu�8Qa4hd 6 � ��9 �^J6LG�PQ)��QRIx� � Q���BM�S�KL3GRBDC)�SBML�E
�£Q<G � CFE�BM�0� CFE�� � � Q=��E�CFJ[��ISL_��¥�Gc�8�ô��Lq��BVt�QRI��ïISL��!� � L��SQ¡L��/B3Bpilk�k �Km �P��CFBME�J�
5�lQ<GHC)¥��SQ�L��x� � Q
��BVt�QRISQ<E«�{�lL�E���B�E�a��ISL��sQRIK�8B�Q<�xCFE�� � Q<E�GRQ�IKQ<G<LFE��K�SIS¥�Gc�8BMLFEgL��¨� � Q}G<JMQ<CFE�B3BV<LB3BwN_i k�k �Km CFE���B3Bpilk�k �Gm �
�#E���QRQ<� � � Q¡�KBMJ�BMG<LFE�G<J�QHCFE��K¥�I#��C)G<Qq��ISQR�SQRE½�S�a��¥�G '½JMQR� ��B���QRIS�O� � BMG � Q<J�L�E�«Cu�8Qb� � QRE BME«�8QRI8CFGc�8BME��
�xB�� � Cq�PC)�8QRIU��L�J�Q<GR¥�JMQ��2ISQR��¥�G<B�E��� � QRBMI,�8B�J��,�SLq!<Q<IKLÕC)�}� � Qa��LFJMQ<GR¥�JMQÏ��BM�K�SL_G<BDCu�8Q<�&4hd 6 � ��9 �*J>Q<IKQ
� � QªL���lL��KB��8Q�L3GRG<¥�IK� &ô� � Q%B3B <�B3BDN_ilk�k �Gm�� C)�i��B"�£Q<IS��CFIKQª� � L�IK�SQ<E�QR� C)E�� �lQ<GRL���Q*��¥�G '½JMQR��¥�lL�E
�PC)�8QRI>��BM�S�KL3GRBDC)�SBML�Ex� ` ¥�IK� � Q<I#��L�IKQ���B�E¡� � Q}GHC)�SQ�L��¨� � Q$B3B��S¥�I#��CFGRQ���� � QU��IKL3��¥�GR�{�xB�� � � � Qr<LJ²C)E��
<�R_J �ïISC����£Q<E«�8���lL�¥�E��¡�SL£� � Q'�8C��£Q'�S¥�I#��CFGRQ���B���QRI[�PCF���ïL�¥�E����8La�lQ,� � QU�£L��K�x�
�VC���J�Q���� � BMJMQ�L�E
� � Q�B_BV<�B_BwN �S¥�I���CFG<Q'� � BM�xBM��� � QU��LF�K�x¥�E���C��FL�I8C���JMQ'G<LFE��W��¥�ISC)�8B�L�E i�G<CF�SQO��L�� ` B"�� �Gm �

� ��� � BM��JMLG� ��Cu�8Q<IxGRLK�FQ<ISC���QU�PQ}L����KQ<I���Q<����BM�
�8L�I
�8B�L�E���L��â� � Q�LFISB"�FBME�CFJl�S¥�I#��CFGRQ�IKQ<GRL�E��K�SIS¥�Gc�8B�L�E
BME���¥�G<QR� �+
 � � Qq��ISQR�SQRE�G<QgL��{<�R_J ��ISLF¥����� ` LFIôQ)I�C��&��JMQ�� �ïLFIôG<L�E����¥�I8Cu�8BMLFEC� m BME ` B��� � �P��Q
L����KQ<I���Q<��� � C)��� � Q � 
_��IKL���QREÕC)�SL���L���� � Q/<LRUJ �ïI8C����£Q<E«�P��BMIKQ<GR�SJ�
*�sLFBME«�8�P�SLi� � Q'¥���sQRI.B3B�C)�SL��
L���� � QxCF�	�SCFGRQ<E«�2B3B <�B3B_��B���QRI���� � BMG � �8¥�ISE���L�¥3���8L_�lQ�QRJMQ<Gc�8IKL�EôISB�G � C)�^�)CFIKBDCFE�GRQA�xBo� � Bo�8�^��QRL��£QR�8IKBMG
G<LFE��W��¥�ISC)�8B�L�E�L�E�� � Q>G<JMQ<CFE£�S¥�I���CFG<Q�� � � 
_��IKL���Q<Eg<#JMB�'FQ{�lL�E��Di <�R_J	�
�
�NB_B m BM��� � Q<E*�ïLFI0�£Q<�Y�«G � C)I8CFGS<
�8QRISB�!<Q<�;�+
iCFEaR��
�
�,B3B���B��K�8CFE�G<Q�L�� 7 � M�M (� ilJ��
�
�,B3B� e �,d�> (� m � ��� QR�SQ��
�8IS¥�GR�8¥�I8CFJ�£L_��B���G<C)�8B�L�E��âCFIKQ
CFGRG<L��&��CFE�B�Q<���y
�G � CFE���Q<�'B�E�� � QiQ<J�Q<GR�SISL�E�BMG��K�8IK¥�GR�S¥�ISQôL���� � Q��S¥�I���CFG<Q�� � BMG � G<LF¥�JM���sQi��QR�8QRGR�SQ<�
BMEEB ��
 Q)I8�sQRISB���QRE½�S��� ` B"�� e i�J�Q��w�{��CFE�Q<J m � � LK�x��C�� � Q<LFISQR�SBMG<CFJ�B ��
 B��ªC��FQ'L���� � QXB_BV<�B_BwN_ilk�k �Km
�S¥�I#��CFGRQ��xB�� � C � T:>b��Cu�8Q<I	��LFE�L�JDC�
FQ<I��lL����8CFBME�Q<�5¥��KBME��� � Q�JML_GHCFJ���QRE��SBo�3
ÕL��]�
�VC)�SQ��£QR� � L3�C4 e �)9 �
u Q���E��5� � C)�	<LR_J CFE��n<LJ �FISL�¥���'CFISQÏ��CFI0' � � � BMJ�Q���IKB"� � �,�#�sL)�8�'CFIKQ$�ïL�¥�E��õBME�G<L�IKISQ<�#�sLFE���Q<E�G<Q
L���¥��lQ<IOB_B@C)�SL�����L��]� � Qô�K¥�I#��CFGRQô��B"�£Q<IK���x� � BMG � BMEÕ� � Q�C����KQ<E�GRQ�L�� ��C)�SQ<Ir��L�¥�J��D�sQ;��C)�SBMG<CFJMJV


>



� C)���
u Q�E�LF�SQª� � Cu�Ï� � Q��K�SIS¥�Gc�8¥�ISCFJ�G � CFE���Q<�ôL����SQ<I���QR� L�ECB3BV<LB3BwN_i k�k �Km ¥�lL�E �PC)�8QRI�CF���SLFI0���SBML�E <

CFE��¡B�E%��CFI
�8BMGR¥�JDC)I�� � Q��8ISCFE��SBo�8B�L�Eb�ïISL�� CFJ���LF�K� � C)���3JML�E�&B_BV<�B_Bs��B���QRIS�P�SL;��¥�G '½JMQR�Y��� � L�IK�x��B"�£Q<IS�
<�GHC)E�QSI���JDCFB�E�� � Q}JMLFE��<#�
�VCFE���BME�ÏG<L�E«�8IKLG��Q<IK�#
�C��lL�¥��x�
�8IS¥�GR�8¥�I8CFJ���Cu�VCôL����8CFBME�QR�%�ïL�I.B3BwN_i k�k �Km �y

��BVt�QRISQ<E«�2��IKL�¥���	4 � > 9 � �'C)�VC��8C�'FQREªB�E£��B�tsQ<ISQRE«�2�)CFGR¥�¥� GRL�E���Bo�8BMLFE��P�ªC�
 � C���Q>ISQ<GRL�IS��Q<�ª��B�tsQ<ISQRE«�
�K�SIS¥�Gc�8¥�IKQ<�����SB�E�G<Q�Q��FQ<ED�£BME½¥��8QU]½¥�CFE«�SB��8B�Q<�>L��^�PC)�8QRIXiïL�I6CFBMI m B�E���¥�GRQ��K¥���
�VCFE«�8BMCFJâG � CFE��QR�6�SL�� � Q
�S¥�I#��CFGRQO�FQ<L��£QR�SI#
��
�#EiL�IK��Q<I¨�8L,¥�E���Q<IK�K�VC)E���B���L�E;B3BV<LB3BwN_i k�k �Km �£L�JMQRG<¥�JMCFI¨��BM�S�KL3GRBDC)�SBML�E�L_G<G<¥�IS��CF���PQRJMJ_BMEôC��FJMB"]½¥�B��8<

JMB�'FQ��£QRE+�3B�ISL�E���QRE½���W� � Q<IKQ � 
_��ISL��FQ<EE�lL�E�����C��£L�E�a�£L�JMQRG<¥�J�Q<�xCFIKQU��ISQR�SQ<E«��� ��Q$��IK�K�>G<LFE��SB���Q<IKQ<�
� � Q5ISQ<CFGR�SB��_B��3
 L���C �PC)�8QRI¡��B"�£Q<I&�xB�� � � � B����S¥�I���CFG<Q�� u�QõL����SQ<I���QR��� � Q5�8C���Q5IKQHCFGc�8B�L�EH��C)� �
�8LG�PCFIS���>��BM�S�KL3GRBDC)�SBML�E&�ïL�¥�E��%�ïL�I�Ci�SBME���JMQr�£L�J�Q<G<¥�JMQ,C)E���� � Q'�SC��£Q'��BM�K�SL_G<BDCu�8BMLFEªQ<E�Q<I0��
%�«CFB�EY� u Q
� � Q<Eg�SB"�Ï¥�JDC)�SQ<�gC � B"� � GRLK�FQ<ISC���Q�CF���SLFI0���SBML�E���Q��sL��KB��SBME��L�E�Q}ISCFE���L��£J�
�L�IKBMQ<E«�SQ<�gJDC�
�QRI>L�� �PC)�8QRI
�£L�JMQRG<¥�J�Q<�'L�E�CEB3B <�B3BDN��K¥�I#��C)G<Q�� � ! # !&>��£L�J�Q<G<¥�JMQ<�r�ïLFI�Q<CFG � G�i > v > m �S¥�I���CFG<Q�� ��� B���GRL�ISIKQ<�#�sL�E����
�8LgC%�£L�E�L�JMCG
FQ<I'Cu�'� � Qô��QRE��SBo�3
õL���JMB�]_¥�BM�E�PC)�8QRI�C)�}ISL_L�� � i � �+T)G���� m � � � � B"� � GRLK�FQ<ISC���Q��1��Q
�ïL�¥�E�� � � C)��� � Qª��BM�K�SL_G<BDCu�8BMLFE ��IKL3GRQ<�S�;��CFB�E�J�
õL_G<GR¥�IS��� � IKL�¥� � CE��ISLF�SL�E�Q)I3G � CFE���Q%��QRG � CFE�B��0�
C��£L�E�¡� � Q&�PC)�8QRI$�£L�J�Q<G<¥�JMQ<���*�#E �SL��£Q�GHCF�KQ<�ÏCg��
3E�G � ISL�E�L�¥����3��LE��ISLF�SL�E �SI8CFE��#�ïQ<I�L_G<G<¥�IS�bi��SQRQ
` B��� 7+m �2� � BMG � BME+��L�JV��QR���3��L E�Q<B�� � �sL�IKBME�D�£L�J�Q<G<¥�JMQ<�ÏG<L�E�E�Q<GR�SQ<� �y
�C � 
_��IKL���Q<E �sLFE�� CFE�� C
�S¥�I#��CFGRQ�B_B�C)�8L�� &^�#E ` B��� 7 ����L�J�Q<GR¥�JMQ � B���� � 
3�KBM�KL�I0�lQ<�g�8L�L�E�QOB3B�Cu�8L�� CFE��q�ªC�'FQ<�>C � 
_��ISL��FQ<E
�lL�E��C�xB�� � ��L�J�Q<GR¥�JMQ e�� � � Q%��ISLF�SL�E BME+��LFJ���QR� BME � � QqJ{<3�lL�E�� B��Ï�8ISCFE��#�ïQRISIKQ<�F�ïISL�� ��LFJMQ<GR¥�JMQ �

�8LE��L�J�Q<GR¥�JMQ e �^� � B�G � ISQ<J�QHCF�KQ<�ôC � 
_��IKL���Q<E C)�SL��!BME LFIS��QRIÏ�8L5IKQ���CFBME E�Q<¥3�8I8C)J � ��� B��;J C)�SL��
BM��Q��FQ<E«�8¥�C)JMJ�
o�lL�E���QR� �8LÕCÕE�QHC)I0�+
CB_BPC)�SL��n���¤�ÏBM��BME«�8QRISQ<�
�8B�E�Õ�8LÕE�LF�8Q£� � Cu�ôC)�O�)CFISBMCFE�G<Q&�xB�� �
� � Q���B��S�KL3GRBDC)�SBML�E�L��]C;�PC)�8QRI/�£L�JMQRG<¥�J�Q'L����SQRI#�FQ<�qC)�6JMLG��GRLG��Q<ISC���Q���BME�� � BM�xGHCF�KQ�� � QU<LR_J CFE��n<LJ
�ïI8C�����QRE«�8�,C)ISQiE�L)�,E�QRG<Q<�K�8CFIKBMJV
 �lL�E���QR�5�8Lª�3��L=��IS�
�'E�QRB"� � �lL�ISB�E�%B3B�C)�8L������ � ��IKLF�8L�E��8I8C)E��#�ïQRI
�£Q<G � CFE�BM�0� �SB���B�JDCFI��SL�� � QiLFE�QôL����KQ<I#�FQ<� � Q<IKQ � CF�r�lQ<QRED�ïL�¥�E��õB�EqCFE ~«�<�#bwv�bwk ber �
�8¥��8
5L�� �PC)�8QRI
�£L�JMQRG<¥�J�Q<�ôL�E"CFJM¥�£BME�CF4Nc 9 � � BMG � ���KB"�£BMJMCFI��SLCB3BDN/�P��ISQR�SQ<E«�S�=�sLFJDCFIô�K¥�I#��CFGRQ<���(J6LG��Q���QRI�BME � � Q
GHC)�SQ�L�� � J"Q R

�
��C��8Q��*�lQ<ISC)�8¥�ISQ£L�� 7 k�k � �PCF�iIKQ�]½¥�B�ISQ<� �8LÕL����SQRI#��Q�� � Qb��ISL_G<Q<�K���P� � B�JMQ£BME � � BM�

GHC)�SQªBo�ÏL_G<GR¥�IS��¥�E�QSI��lQ<Gc�8QR��J�
 C)�$�FQ<I�
�J�LK� �8Q��&�lQ<I8Cu�8¥�IKQ���R,¥�I��SLF�VCFJ]QRE�Q<I#��
�G<CFJMGR¥�JDCu�8BMLFE��'� � LG�
� � C)�$�ï¥�JMJ � 
3��ISL�Ig
3JMC)�8B�L�E L��P� � Q=B3BV<LB3BwN_i k�k �Km �K¥�I#��CFGRQªB��O��C���LFISQ<�x� ��� Q���BM�K�SL_G<BDCu�8BMLFE QRE�Q<I#��
o�sQRI
�£L�JMQRG<¥�J�Q�i 7 � e Q �_T���LFJMQ<G-< Z 7 �,M � GHCFJ T��£L�J m B��PL�E�J�
��SJ�B"� � �SJ�
ôJ�LK��Q<I�� � C)Eª� � Q6L�E�Q6L����VC)BME�QR��C)�PJMLG�
G<LG�FQ<I8C���Q�� ��� QÏIKQ<�K¥�J��S��L���LF¥�I6G<CFJMGR¥�JDCu�8BMLFE��xC)�.�ï¥�JMJ�GRLK�FQ<ISC���QôCFIKQ�B�EE]½¥�CFJ�B��8C)�8BV��Q}C���IKQ<Q���QRE½�	�xB�� �
� � L��SQ�L��@IKQ<G<QRE«�'Q)I8�lQ<ISB���QRE«�8�>L�E��PC)�8QRI,CF���SL�I#�sQR�5L�E�� � Q�B3BV<¤ISBMG � i 7 I e�m <#IKQ<GRL�E��K�SIS¥�Gc�8QR�5B3BwN_i k�k �Km
�S¥�I#��CFGRQ%4hM 9 � � Q<IKQÏG<L��*��J�QR�SQ���B��S�KL3GRBDC)�SBML�E�L�����C)�SQ<I	��L�J�Q<GR¥�JMQR�>J�QHCF��BME���8L&�sQRI#�ïQRGR�r��CF�S�KB��)C)�8B�L�EgL��

@



� ë��,ê)¿F¹âÚ�ÔaÛ'ì_»«¶#·0¸}ó_¼Ñ¼z·0¸'Þ#¶ µH¶#· Ø ÓVµ�Ð½Ð½ÎoÐ«à Ì »½Ð_Ð«·0¼Ñ¼ÑÎÑÐ½à ñ ÎÑÓ8Ò ÔaÞ Ó8Ô�ìF¾�³ Ø�Ì�ñ Ä2ÎÑÛ}µHà�·0ÞâÔ�Ö�¶ Í · Ø ÎîÙï¶#·VÒKÛ}ÎÑÐ½µH¶#·0¸
Ø Î�Úx³DÂ�Â«ÝcÄ�Þ »«Ò ÖDµ�Ó8·¨µHÖM¶#·VÒl×@µH¶#·VÒ�·8òFì�ÔaÞ »«Ò
·�ê Ì]Í ·�Û}ÔaÞ#¶lÖDµ0ß�Ô�Ò
µHá3¼z·�Ý��RÃ,³D¼z·VÖ�¶KÄ µ�Ð½¸}Ý ñ�� ³MÒ
Îzà Í ¶KÄ�Ó8ÔaÐ«ó½àa»«ÒKµH¶ ÎzÔaÐ½Þ
ÖMÔ�Ò�×@µH¶#·VÒ]ÔaÐ Ø ÎîÙ Ø Î�Ú�³DÂ�Â«ÝcÄâÞ »«Ò ÖDµ�Ó8·Pµ�Þ@Ô�á_¶ µ�ÎÑÐ«·0¸Ï×�Îz¶ Í µ�¶ Îzìiß�Ôa¼z¶ µHà�·�Ô�Ö Ù
ÝHê�����ê Ì�Í ·�à�·VÔaÛ}·V¶#Ò ¾�Ô�Ös¶ Í ·�¼Ñµ�Þ#¶
¶�×�Ô'Þ »«Ò ÖDµ�Ó8·�¼oµ0¾�·VÒ
Þ@µ�Ð½¸�¶ Í µH¶�Ô�Ö�¶ Í ·P¸_ÎÑÞ Þ#Ô�ÓVÎÑµH¶#·0¸'Ù � µ�Ð½¸}Ù"� � Ö�Ò
µHàaÛ}·0Ðu¶ Þ@µHÒ ·Pì½Ò Ô	�#·0Ó8¶#·0¸ÏÔaÐ�¶ Í ·�ÎÑÛ}µHà�·P¶#Ô
ÎÑ¸«·0Ð)¶ ÎzÖM¾�¶ Í ·xÞ
»«Ò ÖDµ�Ó8·xà�·VÔaÛ'·V¶#Ò
ÎÑÓ>Þ#¶#Ò
»½Ó8¶ »«Ò
·�ê

� � Q�LF¥��8QRI0�£L��K�xQSI�GRQ<�K�_B3B�JMCG
FQ<I��PCF�xL����SQRI#�FQ<�Y�
��� Q � B�� � ��QRE��SBo�3
�L��1<LRUJ ��ISLF¥���-�ïL�I#��QR�¡C)��� � QOB3BV<e�8QRI0�£BME�C)�SQ<���S¥�I���CFG<Q'¥�lL�E=�PC)�8QRIxCF���KL�I0�8<

�8B�L�EgBM�xQ)I8�lQ<GR�SQ<�Õ�SL�QRE � CFE�G<Q�� � Q��S¥�I���CFG<Q � 
_��IKL�� � B�JMB�G'G � CFI8C)GR�8QRI��-�#E���Q<QR�Õ� � Q�B3B <�R_J ��ISL�¥���G<CFE
�ïL�I#� � 
_��ISL��FQ<EE�lL�E����6C)E��g� � Q<EgBME«�SQ<I8C)GR�xQ�
£GRBMQ<E«�SJ�
=�xBo� � ��C)�SQ<I$4 e�eK9 �
B3B���B�JDCFI��SLÕ� � Q�JMLG� G<LG�FQ<I8C���Q¡GHCF�KQ����
�8IS¥�GR�8¥�I8CFJ�G � CFE��QR�ô¥�lL�E �PC)�8QRIiG � Q��£BM�KL�I0�3�8BMLFE CFIKQ¡CFG)<

G<L��*��C)E�BMQR�b�+
ªQRJMQRGR�8IKL�E�B�G6�
�8IS¥�GR�8¥�ISQ,G � C)E��Q<����� � B�G � GHCFE=�lQ��KQ<QRE¡BME%B ��
 B"��C���Q<���PJ6LG��Q��FQ<I�� � Q
�K�8C)�8QR��� � LG�xE�BME£� � QRL�ISQc�8B�GHCFJYB ��
 ��BMGc�8¥�IKQ<��C)� � B"� � G<LG��QRI8C��FQ&i ` B��� e ��IKB"� � �-��CFE�Q<J m CFIKQ/��QRI#
ª��B�� <
�ïQ<IKQ<E«���ïISL���� � L��SQ'�KQ<QREÕC)��JMLG��G<LG��QRI8C���Q�� �#En��CFIK�SBMG<¥�JDCFI��g��Qr��E��¡� � C)��BME�� � B���GHCF�KQ'� � Qr��ISB"� � �SQ<�
�
�0�lLF�S�i��LõE�LF�iG<L�IKISQ<�#�sLFE�� �8LõQRJMQ<Gc�8IKL�E�BMG��K�8C)�8QR�iJML_GHCFJ�B"!RQ<��LFEjB3B�C)�SL��£����¥��Ï�8L5�
�VC)�SQ<�ôJML_GHC)JMB"!RQ<�
CFGRISL��K�Ï� � Q���B"�£Q<I�ISLG�x�ôC)E��\�lL�BME«�8B�E�q�ïISL��&� � Q � 
_��ISL��FQ<E �8L�� � Qa<�R_J �FISL�¥����� ��� Q<�SQ¡IKQ<�K¥�J��S�
��IKLK�_B���Q,CU��B�G<IKL��SGRL���BMG{�£L3��Q<J L���B��ªC��FQ<�]��QR�SQ<Gc�8Q<�¡B�E=B ��
 Q)I8�lQ<ISB���QRE«�8���g� � BMG � �ªC�
a�lQ6¥��KQ<���SL
ISQ)��Q<CFJW��C)�SQ<I�CF���KL�I0�3�8BMLFE�L�Eô� � Qx�S¥�I���CFG<Q���CF��C_�ï¥�E�Gc�8BMLFE£L���GRLK�FQ<ISC���Q�� ` ¥�I
� � QRI0�£L�ISQ-��Q6E�LF�8Q�� � C)���
��¥�Q6�8LÏ� � Q��SC)�8¥�ISC)�8B�L�E�L���CFJMJ�� � Q,��CFE�FJMBME��$�lL�E����PL���� � Q6�S¥�I���CFG<Q,C)�8L��£�P¥��sL�E*��C)�SQ<I�C)���SL�I#���8B�L�EY�
C)�{�ï¥�J�J�G<LG��QRI8C���Q�� � Q�L����SBMG<CFJ1�«C��gBME�GRISQ<CF�SQR�	��BV�_BME��ISB��SQ}�8L�Ca�xB���QO��CFE����«C��g�S¥���
�8ISC)�8Q=iï� � Q$�«C��
G<L��*��¥3�8Q<�a�xB�� � � � Q>C����ISL�I3B"��C)�8B�L�E��@¥��KQ<�£BME�L�¥�I�G<CFJMGR¥�JDCu�8BMLFEn4 e�7K9 BM� � �,M'Q � m � ��� B���B�E�G<IKQHCF�KQ{�ªC�

�lQ�L����SQRI#��QR�ÕB�En� � LF�8L_Q��£BM�K�SB�L�E¡Q)I8�lQ<ISB���QRE«�8���

� GRL��&��JMQc�8Q<JV
 ��B�tsQ<IKQ<E«� IKQHCFGc�8BV�3Bo�3
 �xB�� � ��Cu�8Q<I ��L�J�Q<GR¥�JMQR� � C)� �lQ<Q<E �ïLF¥�E�� L�E+� � Q�N2<
�8QRI0�£BME�Cu�8Q<���K¥�I#��CFGRQ�� �#E���QRQ<�Y�a�ïL�IõQ)��Q<I�
²�8QR�K�8QR� CF���SL�I#���8B�L�E��SB��SQ 4 e k 9 �X��QF�ïL�¥�E���� � Cu�oJ	Q)R
�£L�JMQRG<¥�J�Q<�]JMQ<CG�FQ6� � Q��K¥�I#��CFGRQ,CFE��Y��Cu��� � Q�QRE���L��2� � Q>�SB"�Ï¥�JDC)�SBML�Ex��ISQ��ªCFB�E � L«C)�8B�E�U�PQRJMJsC��sLG�FQ6� � Q
�S¥����K�SI8C)�SQ���J�QHC��_BME�¡� � Q��K¥�I#��C)G<Q£ISQ<GRL�E��
�8IS¥�GR�8B�L�E E�QHCFIKJ�
õ¥�E�sQRIK�S¥�I0�lQ<�Y� ��� BM�U�lQ � C��_BML�I}B���GRL�E��KBM��<

M



�8QRE«�[�xB�� � � � Q>GHCFJ�G<¥�JMC)�8QR�£�SLF�VCFJ QRE�Q<I#��
£��B�tsQ<IKQ<E�GRQ	�lQR�3��Q<QRE�� � Q.�PQ<C�'½J�
£BME«�8QRI8CFGc�8B�E�}�S¥�I���CFG<Q�T�J	Q�R
�#
_�
�8Q�� CFE��5� � QôE�L�EõBME«�SQ<I8C)GR�8B�E��GRL�E��K�SB��S¥�Q<E«�8���Y� � BMG � �S¥�ISE�QR�õL�¥��,�SL%�sQÏQ<�S�KQ<E«�8BMCFJMJV
E!RQ<IKL� ��� Q
�8C���Q$]_¥�CFJMBo�VC)�SB���Q�ISQR�S¥�Jo�8� � CG�FQ�CFJM�KL=�lQ<Q<EõL����VCFB�E�Q<�5C)� � B�� � GRLK�FQ<ISC���Qni � 
 � m �x�#E�� � B��,GHCF�KQÏ� � Q
�PC)�8QRI[�£L�JMQRG<¥�J�Q<�2��LG��Q>�8L�L����8B���B�!<Q�� � Q � 
_��ISL���Q<E%�lL�E���E�QR�3��L�I0' ���xBo� � LF¥��PB�E«�8Q<ISCFGR�SBME�O�xB�� � � � Q
¥�E���Q<ISJV
_BME�5�K¥�I#��C)G<Q�C)�SL�����LG��Q<I�C�� � L�I
�ni"� � � 7 ��� m �KB"�i¥�JDC)�SBML�E IS¥�Ex�5J6LG�PQ)��QRI�� � � Q<E CE�PC)�8QRI
�£L�JMQRG<¥�J�QgB��*��¥�� � QR�"�8LG�PCFIS���¡C �K¥�I#��CFGRQÕG<CFI0�lL�E Cu�8L�� C)�ªC ��BM�K�8CFE�GRQ�J�LK��Q<I£� � C)E � � @ (� �]� � ¥��
LG��QRISG<L���B�E��CôI8C)� � Q<I�JMCFI0�FQ,Q<E�QRI0��
=��CFISIKBMQRI���Bo��]½¥�BMG '½JV
���B��S�SL_G<BMC)�8QR��� ��� Q/<LR_J�CFE��=<LJ �ïISC����£Q<E«�8�
��B�E����SL�� � Q6�3��Li��B�tsQ<IKQ<E«�xN Cu�8L��£�]L��2� � Q��S¥�I#��CFGRQ���B���QRI��+�xB�� � CFE�QRE�Q<I#��
&�«CFB�E�L�� � �,>�Q �_T���LFJMQ<G
i 7 � � M � G<CFJ T��£L�J m ���	�lL�Eô��B��S�SL_G<BMC)�8B�L�EY�u� � Q6N2<#��B"�£Q<I�� � BMG � ISQ<CFGR�SQ<�a�xB�� � �PC)�8QRI � CF�]CFE�QRJML�E��C)�8QR�
�lL�E��ni"� � � 7 M (� m �xB�� � �#� Q � 
8��ISBM��B"!<QR��C)�8L���� � BMEôCF����B��SBML�E�� � Q���B"�£Q<I@C)G�]½¥�BMIKQ<�]C/��¥�G '½JMBME��'L�� e �N>��
i � ! zk8� k 7 (� m �y� � Q<ISQ6� � Q,N C)�8L�� �lL�E���QR�ª�8L�� � Q6L�I8
g��QRE�C)�8L���B���B�E�� � Q�¥���sQRI[�lL��SBo�8BMLFE i N2<�R
� �N>+k (� m � ��� Q�QRE�Q<I#��
 ��C)ISISB�Q<I/�ïLFI�� � B��,ISQ<CFGR�SBML�E � CF�_�sQRQ<EqQ<�
�8B��ªC)�SQ<�j4 e > 9 �8L%�lQiL��]� � QôLFIS��QRI'L��
� �,kiQ �_T���LFJMQ<G;i e�7 � � � GHCFJ T��£L�J m �y� � BMG � � � LG�x��� � Cu�xQ���QREÕCu� � B"� �%� � � Qr��C)�SQ<I T)�S¥�I���CFG<Q}IKQHCFGc�8BMLFE
��L_Q<��E�LF���0�lL�E«�VCFE�QRL�¥��KJ�
 L3GRG<¥�I�� ��� BM�$�sQ � C��_BML�IO]½¥�CFJMBo�VC)�SB��FQ<J�
ÕISQR�SQ�����JMQR��� � Q�IKQHCFGc�8B��_Bo�3
qL���� � Q
ilk�k �Km �S¥�I���CFG<QôL��@��BDC��£L�E��x� � �6� � LG�xE5�lLF� � � � Q<LFISQR�SBMG<CFJMJV
 4 �KeG9 CFE��5Q)I8�lQ<ISB���QRE«�VCFJ�J�
 4 �G7�9 �w�PC)�8QRI
��L_Q<�}E�LF�/�ïL�I0� CFE+
D��LFJMQ<GR¥�JDC)I/��IKQ<G<¥�IS�SLFI��
�VC)�SQ�L�Eq��BDC��£L�E��5CFE�� ��BM�K�SL_G<BDCu�8BMLFE5BM�'C)E QSI_�8ISQ���QRJ�

Q)I3LF� � Q<I#��B�G*i e � Z�Q��UT��£L�J�Q<Gr<[M 7 �,k � GHC)J T��£L�J m CFE��ÕCFGR�SB��)C)�8QR����ISL_G<Q<�K�;iw� � Q�CFGR�SB��)C)�SBML�E%��C)ISISB�Q<IxBM�
� � � � Q��UT��£L�JMQRG�< e @8�,c � GHC)J T��£L�J m �aJ6LG��Q���QRI�� � � BMJMQi� � Q£��BDC��£L�E��q�K¥�I#��CFGRQ�B��}JMQ��w�_�xBo� � �SB�E��JMQ
N2<
Nz�sLFE�����¥�sLFEo�PC)�8QRI}��BM�K�SL_G<BDCu�8BMLFEY�2� � Q�N2<LB3BwN_i k�k �Km �K¥�I#��CFGRQ��
�8B�JMJ ��ISQ<�KQ<E«�8���K�SISL�E�FJ�
D�lL�E���QR�
�0� Q C)�SL������
��� QR�SQ}ISQR�S¥�Jo�8��� � LK�O� � Cu�>C)���)CFISBMCFE�G<Q	�xB�� � � � QOB3BV<LB3BwN_i k�k �Km �_� � Q'GHC)I0�lL�E¡�8Q<I#��B�E�C)�SQ<�¡�S¥�I#��CFGRQ

BM� � B�� � J�
}B�E�Q<I
�¨�SLG��CFIK����C	��QR��C��X��B�Q<E«���)ISQ<�K¥�J��SBME�>BMEiC � 
_��ISL�� � L���B�G�Q<E+�_BMIKL�E�£Q<E«��� ��� BM�¨�S¥���FQ<�K�S�
� � C)�r�+
 �FISLG�xBME�%B3BwN:�K¥���K�SI8C)�SQ<�_�xB�� � CF�	�SC)G<Q<E«�'B��SJMCFE����.� � BMG � CFIKQiQ<Bo� � QRIUB3B <�L�I,N2<¤�SQ<I0�£BME�C)�8QR�
CFE C)�SL��£BMGÕGRL�E«�8IKL�J�L�� � 
_��ISL�� � BMJ�BMGÕCFE�� � 
_��ISL�� � L���B�GõQ<E+�_BMISLFE��QRE«�8�%��CG
 �lQqC)�S�8CFBME�QR�Y� ��� B��
G<LF¥�JM�C�lQ�ISQ<CFJMB�!<QR�\�+
�Q���Bo�VC:I3BMCFJ ��ISLG��� � L��>GR¥��BMG%B3BwN �S¥����K�SI8C)�SQ<�;� � BMG � C)ISQ%��IKQ��ïQ<IKQ<E«�8BMCFJMJV
 B3BV<
�8QRI0�£BME�Cu�8Q<�ªCFE��=�+
��S¥���SQ�]½¥�QRE«�6��Q��lL��SBo�8BMLFEªL��L� # !�� !�N[QSJ��{��ISL�¥����PL�Eb�ªCF�#'FQR�¡BM�SJMCFE������_CFJML�E���� � Q
JMB�E�Q<� ��IKL��lL��SQR��BME*f>Q)�L�w4 e @ 9 ��NPLFE½�SISL�J�JMB�E�r�PQc�S�SBME�$��ISL��lQ<I
�8B�Q<��L���C��S¥�I���CFG<Q	�y
&��Cu�S�8QRISE�B�E��ISQ��FBML�E��
�xB�� ��� 
_��IKL�� � B�JMBMG}C)E�� � 
_��IKL�� � L���BMG}G � CFISCFGR�SQ<IS�6BM�-�FQ<I#
gB��*�lL�IK�8CFE«�-�ïL�I�� � QÏCu�S�VC)G � ��QRE«�6L�� �	� �
CFE��q��IKLF�8QRBME���CFE��¡� � Q'IKQHCFJ�B"!<C)�8B�L�EªL��¨�SQRE��SLFIS�$4 � � e � @ 9 � ` B�E�CFJMJV
ô� � Q'¥��SQ}L�� B3BwN2<p��CF�KQ<�q��BMLF�SQ<E��SL�IK�
��L�¥�JM��L��lQ<E�� � Qr��C�
¡�8L£C�����JMB�GHC)�SBML�E��2� � Q<IKQ'� � Q}ISQ�]½¥�BMIKQ��£Q<E«�>L�����BML_G<L��&��C)�SB"��B�J��3
�B���G<IS¥�G<BDC)J ��Bl� Q
�SQRJMQRGR�8BV��QU��B�L�<#L�I#�«CFE�B��0��GHC��3�8¥�IKQb4 e M 9 CFE��g��IS¥���8QR�K�SBME��

�6�KQ�L���� � Q�GRL��*��¥��8B�E�o��C)G<BMJ�B��SBMQ<�iC)�ªN[�
� ��N � i � m i �
� ` 
 ��CFISCFJMJ�Q<JxNPL��&��¥��SBME�o�#E�Bo�8BDCu�8B��FQ m

Z



� ë��,ê�ÀF¹¨´�ÎÑÞ
Þ#ÔFÓVÎoµH¶ ÎzÔaÐ�Û'·0Ó Í µ�Ð½ÎÑÞ Û�Ô�Ö�×@µH¶#·VÒPÔaÐ�¶ Í · Ø ÎîÙï¶#·VÒ
Û}ÎÑÐ_µH¶#·0¸ Ø Î�Ú�³DÂ�Â«ÝcÄ�Þ »«Ò ÖDµ�Ó8·>µH¶ Í ÎÑà Í Ó8Ôcß�·VÒ
µHà�·�ê
Ì ×�Ô}Þ »½ÓVÓ8·0Þ Þ
Îzß�·xÞ Ð½µHì_Þ Í Ô�¶ Þ�Ô�Ös¶ Í ·x¸_ÎÑÞ Þ#Ô�ÓVÎÑµH¶ ÎzÔaÐ�ì½Ò Ô�Ó8·0Þ Þ�µH¶>Ý ñ�� ×@µH¶#·VÒ�Ó8Ôcß�·VÒKµHà�·6ÔaÐ Ø ÎzÙ Ø Î�Ú�³DÂ�Â«ÝcÄKê ��Ð_¼z¾
¶ Í ·¨¶�×�Ô�Û}Ôa¼z·0ÓV»½¼z·0ÞsÎÑÐuß�Ôa¼Ñß�·0¸6ÎÑÐ>ì½Ò Ô�¶#ÔaÐ6·8ò�Ó Í µ�Ð«à�·�¸½»«ÒKÎÑÐ«à@¶ Í ÎÑÞl¶ ÎÑÛ'·¨ÎoÐu¶#·VÒ ßHµ�¼FµHÒ ·âÒ ·Vì_Ò ·0Þ#·0Ð)¶#·0¸6µ�Ð½¸�¼ÑµHá�·0¼Ñ¼z·0¸
µ�Þ>Ý�µ�Ð_¸£¿Fê�Ú�Ôa¼zÔ�ÒKÞ]µ�Þ]ÎÑÐ � Îzà«ê ÝHê ��Ð½¼z¾�¶ Í ·x¶ Í Ò ·V·�Ôa»½¶#·VÒ
Û'ÔaÞ#¶�Þ
¼ÑµHá£¼Ñµc¾�·VÒ
Þ]µHÒ ·>ÎoÐ½¸½ÎÑÓVµH¶#·0¸�ê

CFE�� C)�ô� � Q �>E�B��FQ<IK�SB��3
 L��}N�CFJ�B��ïL�IKE�BDC8� � CG�xIKQ<E�GRQ � BV��Q<I#��LFISQ ��C)�SBML�E�CFJ � C��lL�I8Cu�8L�I�
 i � � � � m BM�
��ISC)�8Q)�ï¥�JMJV
õCFG '½E�LG�xJMQR���QR�Y� ��CFI
�ÏL���� � B��O��L�I#'5�PCF�O�sQRI#�ïL�I#��QR��¥�E���Q<I}� � QªCF¥��#��BMGRQ<��L���� � Q �O� Bw�
�,Q���CFIK�0��QRE½��L�� ��E�Q<I#��
a�+
 �6E�BV��Q<IK�SBo�3
�L���N�CFJ�B��ïL�IKE�BDC � C��xISQRE�G<Q � B��FQ<I0�£L�IKQ �6C)�8B�L�E�CFJ � C��sL�ISC)�8LFI#

¥�E���Q<IiGRL�E«�8I8C)GR� �6L��EuH<�Z�>�k+@K< ��E�:<3>+c�� R,E�Q�L��x¥��%ieA;�îN/� m BM�$��I8Cu�8Q��ï¥�J��8L�� � Q�N�N 
 BjB_¥�*�£Q<I
�#E��
�8B��S¥��8Q}C)E�� � � � � �ïL�I � L��0��Bo�VCFJ�B��3
ªCFE��%��E�C)E�G<BMCFJ��K¥��lL�IK��� u Q}CFJ��SLX�xBM� � �8Lô� � C)E' �X� A'Q<IKBML�E
CFE�� � � A'ISL��K�0��CFE%�ïL�I-�ïIS¥�B��0�ï¥�J2�SGRBMQ<E«�SB���G}��B��SG<¥��S�SB�L�E����

��� Ôc×"µH¶ � � � � Á�Ú���Ù�� Ø �	��
â¼Ñ·0Ó8¶#Ò ÔaÐ½ÎÑÓ�µ�¸½¸½Ò ·0Þ ÞV¹��������������������������� �!��"�#��!�!��$!���%��$
&îÝ('Ïº½ê Ì êlÚPê*)¡Ô	�¤¶ ¾�+�Á ñ ê Ì ÔaÛ}Îz·V¶#¶#Ô«Á-,xê ð Ôa»�+ Í ·VÒ Ò Ôa»«á Á µ�Ð_¸¡´6ê ´�ê ñ ê*)�µ0¾�Ð«·VÒ0Á2º«ê*�PÛôêsÚ Í ·0Ûôê Ø Ô�ÓHê
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